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(54) Title: METHOD AND DEVICE FOR PRODUCING FASTENER PARTS FROM RADIATION CURED PLASTIC MATERIALS 
t 
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(57) Abstract 

The invention relates to a method for producing 
fastener parts comprising a plurality of hook elements 
(24). According to said method a formulation con- 
taining radiation cross-linkable prepolymers is shaped, 
cast and/or compression-moulded such that a plurality 
of hook elements (24) on a fastener base (21) is formed 
and then radiation cured. The invention also relates to 
a device for producing such fasteners, which comprises 
feed means (32, 10) for supplying the formulation (14) 
containing radiation cross-linkable, notably acrylated, 
prepolymers, at least one shaping roll (11) and a back- 
ing roll (12). The shaping roll (11) comprises a plural- 
ity of radial cavities (17). A source of ultraviolet (19) 
or electron radiation for radiation curing the shaped ra- 
diation cross-linkable formulation is also provided for. 

(57) Zusammenfassung 

Die Erfindung betrifft ein Verfahren zur 
Herstellung von Haftverschlussteilen mit einer 
Vielzahl von Verhakungsmitteln (24), wobei 
cine strahlenvemetzbare Prepolymere umfassende 
Formulierung in Form einer Vielzahl von 
Verhakungsmitteln (24) zusammen mit einem 
Haftverschluss-Grundkorper (21) geformt, gegossen 

und/oder gepresst und anschliessend strahlengehartet wird. Die Erfindung betrifft auch eine Vorrichtung zur Herstellung von 
Haftverschlussen, wobei die Vorrichtung ZufQhrmittel (32, 10) fur die strahlenvemetzbare, insbesondere acrylierte Prepolymere umfassende 
Formulierung (14), wenigstens eine Formwalze (1 1) und eine Gegendruckwalze (12) umfasst und die Formwalze (11) eine Vielzahl von 
radial verlaufenden Aushnehmungen (17) aufweist und eine UV- (19) oder eine Elektronenstrahlungsquelle zur Strahlenhartung der 
geformten strahlenhartbaren Formulierung vorgesehen ist. 
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Verfahren und Vorrichtung zur Herstellung von Haftverschlu&tei- 
len aus strahlengeharteten Kunststoffen 



Die voriiegende Erfindung betrifft ein Verfahren und eine Vorrichtung zur Herstel- 
lung von Haftverschlufcteilen, die eine Vielzahl von Verhakungsmitteln aufweisen. 

Bekannte HaftverschluBteile werden aus thermoplastischen Polyolefinen mittels 
Extrusion hergestellt Hierbei wird der thermopiastische Kunststoff im plastischen 
oder flussigen Zustand beispieisweise einem Spalt zwischen einer Druckwalze 
und einer Formwalze zugefuhrt, wobei die Formwaize eine Vielzahl von radial 
veriaufenden beidseitig offenen Ausnehmungen aufweist. Der thermopiastische 
Kunststoff dringt infolge des Linien-Quetschdrucks in die Ausnehmungen ein und 
hartet weitgehend aus, so dafc die Haftverschlu&teile als dreidimensionale Struktur 
von der Formwalze gelost werden konnen. In dem Spalt zwischen der Form- und 
Druckwalze wird der Haftverschluagrundkorper geformt, mit dem die Verha- 
kungsmittel, namlich die in den Ausnehmungen gebildeten Verhakungsschafte 
und die gebildeten Verhakungskopfe, einstuckig verbunden sind. 
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Vorzugsweise werden als Werkstoffe bei den herkommlichen Verfahren ther- 
moplastische Kunststoffe wie Polypropylen, Polyamid oder Polyethylen eingesetzt. 

Ein solches Verfahren ist beispielsweise aus der WO 98/20767 bekannt 

Um eine ausreichende Versorgung der Ausnehmungen mit dem plastischen oder 
flussigen Kunststoff zu erreichen, sind hone Linien-Quetschdrucke von etwa 500 
Kilogramm/m bis einigen Tonnen/m erforderlich. 

Auch lassen sich - bedingt durch die relativ geringe Abkuhlungsgeschwindigkeit 
der thermoplastischen Polymere - auf einer ca. 400 mm breiten Formwalze nur 
geringe Meterzahlen der dreidimensionalen HaftverschluBfolie herstellen. 

Die Herstellung von HaftverschluBteilen durch Extrusion thermoplastischer Kunst- 
stoffe erfordert durch die Erwarmung der thermoplastischen Masse auf bis zu 
300° C einen erheblichen Energieaufwand. 

Da sowohl die maximale Breite der Flachenhaftverschlufibahn als auch die Min- 
destdicke der Flachenhaftverschlusse bei den bekannten Verfahren herstellungs- 
bedingt begrenzt sind, hat die Firma Velcro Industrie B.V. zur Herstellung von 
breiteren und sehr dunnen folienartigen Flachenhaftverschlussen Langs- und/oder 
Querreckverfahren entwickelt, die in der PCT WO 98/32349 beschrieben sind. 
Neben dem hohen kostenintensiven Herstellungsaufwand ist bei diesem Verfah- 
ren nachteilig, daft aufgrund des jeweiligen Reckverfahrens die Anzahl der Verha- 
kungsmittel pro Flacheneinheit deutlich reduziert ist. 

Die Aufgabe der vorliegenden Erfindung besteht darin, ein neues Verfahren und 
eine neue Vorrichtung zur Herstellung von HaftverschluBteilen anzugeben, die bei 
vermindertem Energieaufwand erne Erhohung der Herstellungsgeschwindigkeit 
ermoglichen. Weiterhin soil die vorliegende Erfindung die Bereitstellung von ther- 
misch bestandigeren HaftverschluBteilen ermoglichen sowie von Folienstrukturen 
mit auQerst geringer Dicke, wobei eine hohe Anzahl von hervorstehenden Ele- 
menten oder Verhakungsmitteln bereitgestellt wird. 

Erstaunlicherweise wurde festgestellt, dali durch Verformen, Gielien und/oder 
Pressen einer strahlenvernetzbare, vorzugsweise acrylierte Prepolymere umfas- 
senden Formulierung und anschliefcender Strahlenhartung eine erhebliche Steige- 
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aing der Herstellungsgeschwindigkeit bei verminderten Energiekosten erreicht 
werden kann. Auch kann auf die Verwendung von Schutzgas bei geeigneter Aus- 
wahl der strahlenvernetzbaren Prepolymere verzichtet werden. 

Bei der Strahlenhartung von strahienvemetzbare, insbesondere acrylierte Prepo- 
lymere umfassenden Formulierungen, die mittels UV- oder Elektronenbestrahlung 
erfolgt, werden aulierordentlich hohe Polymerisationsgeschwindigkeiten erreicht. 
Im Vergleich zu den bekannten Herstellungsverfahren von HaftverschluBteilen aus 
thermoplastischen Kunststoffen kann durch das erfindungsgemafte Verfahren die 
Walzenumdrehungsgeschwindigkeit und damit die pro Zeiteinheit hergestellte 
Lange der dreidimensionalen Bahnen verzehnfacht werden. 

Da die Polymerisation mittels Strahlenvernetzung keine Erwarmung der hartbaren 
Masse wie bei den bekannten Verfahren erfordert, ist das erfindungsgemafie 
Verfahren auch energiesparend. 

Die Strahlenhartung bietet weiterhin den Vorteil, daft die Polymerisation ohne 
Freisetzung von Spaltprodukten erfolgt. Die strahlenvernetzbaren, insbesondere 
acrylierten Prepolymere werden vielmehr nahezu quantitativ untereinander und 
gegebenenfalls auch mit vorhandenen Reaktivlosungsrnitteln vemetzt. 

Durch die Verwendung strahlenvernetzbarer, insbesondere acrylierter Prepolyme- 
re konnen thermisch bestandige Haftverschluftteile hergestellt werden, die bei- 
spielsweise auch als Haftverschluftteile fur Schleifscheiben oder sonstige Arbeits- 
gerate einsetzbar sind. Eine besonders hohe thermische Bestandigkeit weisen die 
stark vernetzten acrylierten Polymere auf, die durch Strahlenhartung von Formu- 
lierungen hergestellt werden, die Vernetzungsstellen fordemde bi- und/oder tri- 
funktionelle Prepolymere und/oder Monomere umfassen. Diese Polymere, die im 
Gegensatz zu den bekannten Polyolefinen, Polyamiden und Polyestem auch bei 
Temperaturen von grolier 300° C eingesetzt werden konnen, sind im wesentlichen 
Duroplaste. 

Durch die geeignete Auswahl der jeweiligen strahlenvernetzbaren Prepolymere 
und gegebenenfalls auch Monomere konnen auch Polymere mit eher thermopla- 
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stischen Eigenschaften hergestellt werden, indem der Anteil an monofunktionellen 
Prepolymeren und gegebenenfalls Monomeren erhoht wird. 

Die Eigenschaften der Polymere hangen seibstverstandlich auch von der Ketten- 
lange und dem Vernetzungsgrad dereingesetzten Prepolymere ab. 

Als strahlenvernetzbare, insbesondere acrylierte Prepolymere konnen beispiels- 
weise Poiyesteracrylate, Epoxyacrylate, Polyetheracrylate, Silikonacrylate oder 
Urethanacrylate eingesetzt werden. 

Bevorzugt ist die Verwendung von Urethanacrylaten, da diese ohne Schutzgas 
strahlenvernetzbar sind. Bevorzugte Urethanacrylate sind die aliphatischen mono-, 
bi- oder trifunktionellen Urethanacrylate, wobei die aliphatischen Gruppen zur Fle- 
xibility des Kunststoffes beitragen. Bevorzugt werden bifunktionelle aliphatische 
Urethanacrylate eingesetzt. Prinzipiell ist es ebenfalls moglich, wenigstens teilwei- 
se aromatische Urethanacrylate verschiedener Funktionalitat einzusetzen. Bevor- 
zugt sollte die Viskositat der eingesetzten Prepolymere zwischen 3,000 und 
60.000 mPa s betragen. 

Daruber hinaus konnen auch andere strahlenvernetzbare Prepolymere in der 
Formulierung verwendet werden. Unter Schutz- und/oder Inertgas konnen auch 
folgende Prepolymere eingesetzt werden: 

1 . Polyesterharze oder chlorierte Polyesterharze, oder 

2. unter Ausnutzung eines kationischen Vemetzungsmechanismus 

a) cycloaliphatische Epoxidharze oder 

b) Epoxi-polyol-blends. 

Bei der Verwendung von strahlenvemetzbaren, insbesondere acrylierten Prepoly- 
meren ist es infolge der relativ hohen Viskositat meist erforderlich, die Formulie- 
rung durch Zusatz von Reaktiwerdunnern, insbesondere Monomeren, auf die ge- 
eignete Viskositat zu verdunnen. Durch die geeignete Wahl der zugesetzten Mo- 
nomere kann die Harte, der Vernetzungsgrad und die Flexibility des polymeren 
Endproduktes sowie die Viskositat der Ausgangsformulierung eingestellt werden. 
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Bei der Polymerisation werden die Monomere in das Netzwerk eingebaut, so daR 
das Polymer nahezu keine Losungsmittel freisetzt. 

Vorzugsweise werden bei der Verwendung acryiierter Prepolymere als monomere 
Reaktiwerdiinner Acrylate eingesetzt, die uber eine vielfaitige Funktionalitat ver- 
fugen. 

Durch den Zusatz monofunktioneller Acrylate werden Verringerung der Harte, Er- 
hohung der Flexibilitat und gute Adhasionseigenschaften des Polymers erreicht. 
Auch bewirken monofunktionelle Monomere eine geringere Schrumpfung bei der 
Polymerisation. Prinzipiell konnen alle bekannten monofunktionellen Acrylate ein- 
gesetzt werden. Vorzugsweise werden die monofunktionellen Acrylate aus der aus 
Butylacrylat, 2-Ethylhexylacrylat, Hydroxyethylacrylat, Hydroxypropylacrylat, 4- 
Hydroxybutylacrylat, Ethyldiglykolacrylat, Isodecylacrylat und 2-Ethoxyethylacrylat 
bestehenden Gruppe ausgewahlt, wobei Ethoxyethylacrylat und Isodecylacrylat 
besonders bevorzugt sind. 

Auch der Zusatz von bi- oder trifunktionellen Acrylaten bewirkt die Einstellung der 
gewiinschten Eigenschaften wie Harte und Flexibilitat. Als bifunktionelle Monome- 
re werden vorzugsweise Diethylenglykoldiacrylat, Dipropylenglykoldiacrylat, Trie- 
thylenglykoldiacrylat, Tripropylenglykoldiacrylat oder 1 t 6-HexandioIdiacrylat ver- 
wendet, wobei 1 ,6-HexandioldiacryIat besonders bevorzugt ist. 

Falls gewunscht, konnen auch trifunktionelle Acrylate wie Trimethylolpropan- 
triacrylat oder Pentaerythrittriacrylat oder auch hoherfunktionelle Acrylate einge- 
setzt werden. 

Es ist ebenfalls moglich, propoxilierte Monomere einzusetzen, die sich durch eine 
geringere Hautreizwirkung auszeichnen. 

Vorzugsweise wird ein Monomerengemisch aus mono- und bifunktionellen Acry- 
laten eingesetzt, insbesondere ein Gemisch aus 2-Ethoxyethylacrylat und 1,6 
Hexandioldiacrylat. Die jeweiligen Konzentrationen der zugesetzten Monomere zu 
der Formulierung hangen von der erforderlichen Viskositat der Formulierung und 
der gewiinschten Harte, Flexibilitat, den Adhasionseigenschaften des Polymers, 
der Reaktionsgeschwindigkeit etc. ab. 
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Ein Gemisch aus mono- und bifunktionellen Acrylaten, insbesondere Ethoxy- 
ethylacrylat oder Isodecylacrylat mit Trimethylolpropantriacrylat, hat sich ebenfalls 
bewahrt. 

Ein weiterer Vorteil der Herstellung der HaftverschlulJteite aus strahlenvernetzba- 
ren Prepolymeren und Monomeren besteht darin, dad sich durch die Wahl der 
eingesetzten Monomere die Adhasionseigenschaften des Kunststoffs steuern las- 
sen und dafl ohne die bei den bekannten Thermoplasten erforderlichen zusatzli- 
chen Oberflachenbehandlungsschritte durch Corona-Entladung, Gasflammbe- 
handlung oder Fluorierung eine hinreichende Haftung des Kunststoffs auf einem 
gewunschten Trager erzielt werden kann. Somit kann bei dem erfindungsgema- 
ften Verfahren ein Arbeitsschritt eingespart werden. 

Um eine hinreichende Polymerisation zu erreichen, ist es erforderlich, bei Einsatz 
von UV-hartbaren Formulierungen einen Photoinitiator zuzusetzen, der bei Anre- 
gung durch UV-Strahlung die die Kettenreaktion startenden Primarradikale bildet. 

Als Photoinitiatoren konnen prinzipieil samtliche bekannten, bei UV-Absorption 
Radikale freisetzenden Molekule eingesetzt werden, wie beispielsweise 
a-Hydroxyketon, a-Aminoketone, Benzildimethylketale, Bis-benzoyl- 
phenylphoshinoxide, Metallocene und deren Derivate. 

Besonders bevorzugt ist, einen 2-Hydroxy-2-methyl-1-phenyI-propan-i-on enthal- 
tenden Photoinitiator, beispielsweise Darocur 1173 der Firma Ciba Geigy, zu ver- 
wenden. 

Der Formulierung konnen selbstverstandlich weitere ubliche Zusatze wie zum Bei- 
spiel Farbstoffe, Stabilisatoren, Sauerstoff-Fanger, Ferritpulver zugesetzt werden. 

Die Viskositat der strahlenvernetzbaren Formulierung ist von den speziellen Her- 
stellungsbedingungen, zum Beispiel dem Linien-Quetschdruck zwischen den 
Formwalzen, abhangig. Vorzugsweise sollte die Viskositat der Formulierung zwi- 
schen 150 und 20.000 mPa s betragen, besonders bevorzugt sind Viskositaten 
zwischen 300 und 5.000 mPa s. 
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Der Prozentsatz der der strahlenhartbaren Formulierung zugesetzten Prepolymere 
hangt von der erforderlichen Viskositat der Formulierung, den Eigenschaften der 
Prepolymere und Monomere und den gewunschten Eigenschaften des herzustel- 
lenden Kunststoffmaterials ab. Im allgemeinen betragt der Anteil an Prepolymeren 
in der Formulierung etwa 60 bis 95 %, vorzugsweise etwa 80 %. 

Die erfindungsgemaft hergestellten Haftverschlufiteile konnen in vielfaltiger Weise 
eingesetzt werden: im Babywindelbereich oder fur Inkontinenzwindeln, als tempe- 
raturbestandige Haftverschluliteile zur Befestigung von Schleifscheiben oder son- 
stiger Werkzeuge, zur grolifiachigen Befestigung von Teppichen, Wandbehangen, 
fur Sitzbezuge und Sitzelemente, Verpackungen oder Fliegengitter sowie fur 
selbstreinigende Oberflachen. 

Die Dicke des HaftverschluB-Grundkorpers und die Anzahl der Verhakungsmittel 
pro cm 2 richten sich nach der Verwendung derfertigen HaftverschlufJteile. 

Neben HaftverschlulJteilen konnen mit dem erfindungsgemalJen Verfahren auch 
andere Folien, die wenigstens einseitig hervorstehende Elemente oder Rippen 
umfassen, wie zum Beispiel Riblet-Folien, hergestellt werden. Riblet-Folien weisen 
auf einer Seite eine Vielzahl solcher hervorstehender Elemente auf, die eine Ver- 
minderung der Wandscherbeanspruchung und/oder eine Kontrolle der Grenz- 
schichtablosung bewirken. Die hervorstehenden Elemente konnen entsprechend 
den gewunschten Effekten der Oberflachenstruktur in der Art einer Haifischhaut 
oder einer Lotus-BIute geformt sein, die eine Verminderung des Stromungswider- 
stand bewirken und/oder selbstreinigend sind. Solche Oberflachenstrukturen sind 
beispielsweise in ..Biological Surfaces and their Technological Application - Labo- 
ratory and Flight Experiments on Drag Reduction and Separation Control" von D. 
W. Bechert, M. Bruse, W. Hage und R. Meyer in M Fluid Mech. (1997) Vol. 338, pp. 
59 - 87 Cambridge University Press" beschrieben. 

Die Herstellung solcher Riblet-Folien erfolgt ebenfalls mittels der strahlenvernetz- 
bare, insbesondere acrylierte Prepolymere umfassenden Formulierungen, wobei 
diese ebenfalls zwischen einer Formwalze und einer Gegendruckwalze entspre- 
chend geformt und dann strahlengehartet werden. wobei die Formwalze eine Viel- 
zahl von der Riblet-Struktur komplementaren Ausnehmungen aufweist. Die aus 
strahlenhartbaren Formulierungen herstellbaren Riblet-Folien zeichnen sich 
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ebenfalls durch eine hohe Herstellungsgeschwindigkeit und eine aufierordentlich 
grolie Temperaturbestandigkeit aus. Die Riblet-Folien werden beispielsweise zur 
Herabsetzung des Stromungswiderstandes bei Flugzeugen und Bahnen oder in 
Pipelines, zur Verhinderung der Eisbildung bei Flugzeugen oder als selbstreini- 
gende Folie eingesetzt. 

Die Erfindung wird nun anhand von Ausfuhrungsbeispielen beschrieben. 

Strahlenhartbare Formulierungen zur Herstellung von HaftverschluQteilen 

A. UV-hSrtbare Formulierungen 

1 . 77,7 Gew.% Ebecryl 4835 (1) der Firma UCB Chemicals, Drogenbos, Belgien, 
9,7 Gew.% IRR 184 (2) (Ethoxyethylacrylat) der Firma UCB Chemicals 

9,7 Gew.% HDDA {3) (Hexandioldiacrylat) der Firma UCB Chemicals 

2,9 Gew.% Darocur 1173 (4) (Photoinitiator, 2-Hydroxy-2-methyl-1-phenyl- 
propan-1-on) der Firma Ciba Geigy 

Die Viskositat dieser Formulierung betragt circa 300 mPa s. 

2. 77.7 Gew.% Ebecryl (1) 4835 der Firma UCB Chemicals 
9,7 Gew.% IRR 184 {2) der Firma UCB Chemicals 

9,7 Gew.% TMPTA (5) (Trimethylolpropantriacrylat) der Firma UCB Chemicals 
2.9 Gew.% Darocur 1 173 (4) der Firma Ciba Geigy als Photoinitiator 

3. Anstelle von 9,7 Gew.% IRR 184 der Firma UCB Chemicals kSnnen in den 
Rezepturen 1 und 2 auch 9,7 Gew.% Isodecylacrylat der Fa. UCB Chemicals 
eingesetzt werden. 
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B. Elektronenstrahlhartbare Formulierung 

1 . 80 Gew.% Ebecryl 4835 der Fa. UCB Chemicals 

10 Gew.% IRR 184 der Firma UCB Chemicals 

10 Gew.% HDDA (Hexandioldiacrylat) der Fa. UCB Chemicals 

2. Anstelle von 10 Gew.% IRR 184 der Fa. UCB Chemicals werden 10 Gew.% 
Isodecylacrylat und/oder anstelle von 10 Gew.% HDDA 10 Gew.% TMPTA (5) 
eingesetzt. 

(1 ) Ebecryl 4835 ist nach Herstellerangaben ein Gemisch aliphatischer Urethan- 
diacrylate verdQnnt mit 10 % Tetraethylenglykolacrylat. Die Viskositat betragt 
bei 25 * C etwa 4.500 mPa s. Das Molekulargewicht betragt circa 1.600 
g/mol. 

(2) IRR 184 ist ein 2-(2-Ethoxyethoxy)ethylacrylat. Die Viskositat betragt nach 
Herstellerangabe bei 25° C etwa 2,5 bis 9 mPa s. 

(3) Die Viskositat des HDDA betragt laut Herstellerangaben 10 mPa s. 

(4) Darocur 1173 weist nach Herstellerangaben im Bereich zwischen 240 und 
400 nm sich iiberiagemde Absorptionsbanden auf. 

(5) Die Viskositat des Trimethylolpropantriacrylats betragt laut Herstellerangaben 
115 mPa s. 

Nachfolgend werden zwei verschiedene Vorrichtungen zur Herstellung von Haft- 
verschluftteilen beschrieben. 

Es zeigt 

Figur 1 eine Vorrichtung zur Herstellung von Haftverschluliteilen auf ei- 
nem Tragermaterial mittels UV-Hartung 

Figur 2 eine Vorrichtung zur Herstellung von Haftverschluliteilen ohne zu- 
satzliches Tragermaterial mittels UV-Hartung. 

Figur 3 eine Seitenansicht eines Ausschnitts aus einem HaftverschluRteil 
26 auf einem Trager 13. 
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Bei der in Figur 1 gezeigten Vorrichtung wird die zu polymerisierende strahlenver- 
netzbare, insbesondere acrylierte Prepolymere umfassende Formulierung 14 ge- 
maB Rezeptur A1, A2 Oder A3 als ein Film 15 konstanter Schichtdicke zwischen d 
= 12 pm und 50 pm, vorzugsweise 22+/- 5 pm, auf ein Tragermaterial 13 aufge- 
bracht, beispielsweise durch Rakel- 10 oder DQsenauftrag. 

Als Tragermaterial 13 kann eine Folie aus Kunststoff, z. B. aus Hostaphan, ein 
Vlies, ein textiles Material Oder jedes andere geeignete Tragermaterial eingesetzt 
werden. 

Der Film 15 aus der zu polymerisierenden Formulierung auf dem Tragermaterial 
13 wird anschlieliend einem Spalt 16 zwischen einer Formwalze 11 und einer Ge- 
gendruckwalze 12 zugefuhrt. Die Formwalze 11 weist eine Vielzahl von radial 
veriaufenden beidseitig offenen Ausnehmungen 17 auf. Die viskose Formulierung 
wird durch den Spalt 16 in Form eines HaftverschluBgrundkorpers 21 und in den 
Ausnehmungen in die Form der Verhakungsstege 22 und Verhakungskopfe 23 
umfassenden Verhakungsmittel 24 (vergleiche auch Figur 3) geprelit und an- 
schlieliend durch Bestrahlung mittels UV-Licht 19 geeigneter Wellenlange be- 
strahlt. Die Verhakungsmittel konnen verschiedenartig geformt sein, beispielswei- 
se eine runde, drei-, vier-, funf- oder sechseckige Querschnittsflache aufweisen. 
Auch die Verhakungskopfe 23 konnen unterschiedlich geformt sein, beispielswei- 
se tellerformig, pilzformig, gekriimmt oder hakenformig. Dahingehende Ausge- 
staltungen sind in der nachverSffentlichten DE 198 28 856.5 beschrieben. 

Durch die Absorption des UV-Lichts setzt der UV-empfindliche Photoinitiator Radi- 
kale frei, die die Radikalkettenpolymerisation starten. 

Die Reaktionsgeschwindigkeit der Polymerisationsreaktion ist aulierordentiich 
hoch, so dali die aus dem HaftverschluBgrundkdrper 21 und den Verhakungsmit- 
teln 24 bestehenden HaftverschlulJteile 26 auf dem Tragermaterial 13 von der 
Formwalze 1 1 in einem Bruchteil der herkdmmlichen Aushartungszeit mittels der 
Abzugswalze 20 gelost werden konnen. Pro Minute konnen ca. 20 bis 30 m Haft- 
verschlulifolie hergestellt werden. Da gegenCiber den bekannten Verfahren gerin- 
gere Linien-Quetschdrucke erforderlich sind, kann die Vorrichtung bei gleichblei- 
bender Genauigkeit breitere Walzen 11, 12, 20 aufweisen. 
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Durch den Linien-Quetschdruck zwischen den Walzen 11 und 12 und die UV- 
Bestrahlung wird ebenfalls eine feste Verbindung zwischen dem Tragermaterial 13 
und dem Haftverschlufigrundkorper 21 erreicht. 

Urn eine vollstandige Versorgung der in der Formwalze 11 vorgesehenen Aus- 
nehmungen 17 zu erreichen, wird die Formulierung in einem geringen OberschulJ 
zugegeben, so da(i durch den Wulst 25 aus strahlenvernetzbarer Masse 14 immer 
genugend Ausgangsmaterial zur Versorgung der Ausnehmungen 17 in der Form- 
walze 1 1 zur Verfugung steht. 

Die Gegendruckwalze 12 und die Walze 20 weisen eine der Drehrichtung der 
Formwalze 1 1 entgegengesetzte Drehrichtung auf. 

Als UV-Quelle 19 kann ein Quecksilber-Mitteldruckstrahler verwendet werden. Es 
sind jedoch auch andere UV-Strahlungsquellen moglich. In Abhangigkeit von der 
die Radikalbildung bewirkenden Absorptionsbande des Photoinitiators wird mit 
UV-Licht im Wellenlangenbereich zwischen 180 und 400 nm entsprechend circa 3 
bis 6 eV bestrahlt. 

Die Bestrahlungswellenlange richtet sich nach dem Emissionsspektrum der ver- 
wendeten UV-Strahlungsquelle und nach dem Absorptionsband der Photoinitiato- 
ren. 

Das verwendete Tragermaterial 13 sollte selbstverstandlich gegenuber der UV- 
Strahlung weitgehend bestandig sein. Dariiber hinaus muli trotz der durch das 
Tragermaterial bewirkten Fiiterung und Streuung der UV-Strahlung sichergestellt 
sein, dafi in der zu hartenden Schicht genugend die Kettenreaktion in Gang set- 
zende photochemische erzeugte Primarradikale gebildet werden. 

Die in Figur 2 gezeigte Vorrichtung dient im Unterschied zu der in Fig. 1 ausfuhr- 
lich beschriebenen Vorrichtung zur Herstellung von Haftverschluliteilen ohne zu- 
satzliches Tragermaterial. Die strahlenvernetzbare Formulierung 14 befindet sich 
in einem Vorratsbehalter 31 und wird Qber eine Duse 32 dem Spalt 16 zwischen 
der Formwalze 11 und der Gegendruckwalze 12 zugegeben, wobei die Zugabe 
wie bei der in Figur 1 beschriebenen Vorrichtung in einem geringen Oberschufi 
erfolgt. 
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Durch die hohe Viskositat der strahlenvernetzbaren Formulierung bleibt die durch 
den Anprefkiruck bewirkte Verformung der viskosen Masse aufrechterhalten, bis 
eine weitgehende Aushartung durch die Bestrahlung erfolgt ist und die Haftver- 
schluftteile mittels der Abzugswalze 20 von der Formwalze 1 1 gelost werden. 

Bei Einsatz von acrylierten Urethanen als Prepolymeren ist es nicht es nicht erfor- 
derlich, unter Schutzgas zu arbeiten. Urn einen im wesentlichen durch Sauerstoff 
bewirkten vorzeitigen Kettenabbruch bei Verwendung anderer strahlenhartbarer 
Prepolymere zu vermeiden, sollte die Reaktion unter Schutzgas durchgefuhrt wer- 
den. 

Bei einer Vorrichtung zur Herstellung von Haftverschluftteilen durch Elektronen- 
strahlenhartung wird anstelle der UV-Quelle 19 in den in Figur 1 und 2 beschrie- 
benen Vorrichtungen eine Elektronenstrahlungsquelle eingesetzt und beispiels- 
weise eine der Formulierungen B1 oder B2 als strahlenvernetzbare Masse ver- 
wendet. 

Der Energiebereich der Elektronenstrahlung liegt iiblicherweise zwischen 150 und 
300 keV. 

Die Herstellung der Haftverschluliteile aus strahlenvernetzbaren, insbesondere 
acrylierten Prepolymeren kann auch in anderen kontinuierlich oder diskontinuier- 
lich arbeitenden Vorrichtungen erfolgen, die Mittel zum Verformen, Giefien 
und/oder Pressen von strahlenvernetzbare, insbesondere acrylierte Prepolymere 
umfassenden Formulierungen in Form eines HaftverschluRgrundkorpers mit daran 
angeordneten Verhakungsmitteln aufweisen und die eine UV- oder einen Elektro- 
nenstrahlungsquelle zur Strahlenhartung umfassen. 
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Patentanspruche 

1. Verfahren zur Herstellung von HaftverschluBteilen mit einer Vielzahl von Ver- 
hakungsmitteln (24), dadurch gekennzeichnet, daB eine strahlenvernetzbare 
Prepolymere umfassende Formulierung in Form einer Vielzahl von Verha- 
kungsmitteln (24) zusammen mit einem HaftverschluB-Grundkorper (21) ge- 
formt, gegossen und/oder gepreSt und anschlieBend strahlengehartet wird. 

2. Verfahren nach Anspruch 1, dadurch gekennzeichnet, da& die strahlenver- 
netzbaren, insbesondere acrylierten Prepolymere aus der aus Polyesteracry- 
laten, Epoxyacrylaten, Polyetheracrylaten, Silikonacrylaten oder Urethanacry- 
laten bestehenden Gruppe ausgewahlt werden, wobei die Urethanacrytate vor- 
zugsweise aliphatische mono-, bi- oder trifunktionelle Urethanacrylate sind. 

3. Verfahren nach einem der Anspruche 1 oder 2, dadurch gekennzeichnet, daS 
die Formulierung Reaktiwerdunner, vorzugsweise Monomere, besonders be- 
vorzugt Acrylate, umfa&t, wobei die Acrylate vorzugsweise monofunktionelle 
Acrylate aus der aus Butylacrylat, 2-Ethylhexylacrylat, Hydroxyethylacrylat, 
Hydroxypropylacrylat, 4-Hydroxybutylacrylat, Ethyldiglykolacrylat, Isodecy- 
lacrylat und 2-Ethoxyethylacryiat bestehenden Gruppe, die bifunktionellen 
Acrylate aus der aus Diethylenglykoldiacrylat, Dipropylenglykoldiacrylat, Trie- 
thylenglykoldiacrylat, Tripropylenglykoldiacrylat und 1 ,6-Hexandioldiacrylat und 
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die trifunktionellen Acrylate aus der aus Trimethylolpropantriacrylat oder Pen- 
taerythrittriacrylat bestehenden Gruppe sind und 2-Ethoxyethylacrylat, Isode- 
cylacrylat, 1,6-Hexandioldiacrylat und Trimethylolpropantriacrylat besonders 
bevorzugt sind. 

4. Verfahren nach einem der Anspriiche 1 bis 3, dadurch gekennzeichnet, dali 
die Strahlenhartung mittels Elektronenstrahlung erfolgt. 

5. Verfahren nach einem der Anspriiche 1 bis 3, dadurch gekennzeichnet, dali 
die Strahlenhartung mittels UV-Strahlen erfolgt und die Formulierung vorzugs- 
weise zusatzlich wenigstens einen Photoinitiator umfa&t. 

6. Verfahren nach Anspruch 5 , dadurch gekennzeichnet, daS der Photoinitiator 
aus der aus a-Hydroxyketonen, a-Aminoketonen, Benzildimethylketalen, Bis- 
benzoyl-phenylphoshinoxiden, Metallocenen und deren Derivaten bestehenden 
Gruppe ausgewahlt wird und vorzugsweise 2-Hydroxy-2-methyl-1-phenyl- 
propan-1-on ist 

7. Verfahren nach einem der Anspriiche 1 bis 6, dadurch gekennzeichnet, daft 
das Formen, Gieften oder Pressen in einem Spalt (16) zwischen einer Form- 
walze (11) und einer Gegendruckwalze (12) erfolgt und die Formwalze (11) ei- 
ne Vielzahl von radial verlaufenden Ausnehmungen (17) aufweist, wobei bei 
Passieren des Spaltes (16) die Verhakungsmittel (24) bzw. die hervorstehen- 
den Elemente gebildet werden. 

8. Verfahren nach Anspruch 7, dadurch gekennzeichnet, daft die Viskositat der 
Formulierung bei 25° C zwischen 150 und 20.000 mPa s, vorzugsweise zwi- 
schen 300 und 5.000 mPa s, betragt. 

9. Vorrichtung zur Herstellung von Haftverschliissen nach einem der Anspriiche 1 
bis 8, dadurch gekennzeichnet, daft die Vorrichtung Zufuhrmittel (32, 10) fur 
die strahlenvernetzbare, insbesondere acrylierte Prepolymere umfassende 
Formulierung (14), wenigstens eine Formwalze (11) und eine Gegendruckwal- 
ze (12) umfaBt und die Formwalze(1 1) eine Vielzahl von radial verlaufenden 
Ausnehmungen (17) aufweist und eine UV- (19) oder eine Elektronenstrah- 
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lungsquelle zur Strahlenhartung der geformten strahlenhartbaren Forrnulierung 
vorgesehen ist. 
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© The present invention relates to an apparatus for 
producing a substrate sheet for optical recording 
medium and a process for producing a substrate 
sheet by the use of the apparatus. The apparatus 
comprises a means for forming an photo-curable 
C\l resin layer on at least one of a substrate sheet and a 
^ roll stamper having thereon a pattern corresponding 
ft) with preformatting information; a means for bringing 
00 the substrate sheet into close contact with the roll 
stamper, interposing the photo-curable resin layer 
CO between them; and a means for curing said photo- 
O curable resin layer; the roll stamper being so formed 

as to undergo elastic deformation. 
O The present invention also relates to an appara- 
ft tus for producing an optical recording medium and a 
m process for producing an optical recording medium 
by the use of the apparatus. The apparatus com- 
prises continuously; a means for melting a resin and 



extruding the molten resin to form a resin sheet; a 
means for forming a photo-curable resin layer on at 
least one of a substrate sheet and a roll stamper 
having thereon a pattern corresponding with Prefor- 
matting information; a means for bringing the sub- 
strate sheet into close contact with the roll stamper, 
interposing the photo-curable resin layer between 
them; a means for curing said photo-curable resin 
layer; a means for peeling from the roll stamper the 
substrate sheet on which a photo-cured resin layer 
has been fixed; a means for forming a recording 
layer on the surface of the substrate sheet on which 
the pattern has been formed; a means for forming a 
protective member on the surface on which the 
recording layer has been formed; and a means for 
individually cutting the substrate sheet having said 
recording layer and protective member; the roll 
stamper being so formed as to undergo elastic de- 
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APPARATUS FOR PRODUCING SUBSTRATE SHEET FOR OPTICAL RECORDING MEDIUMS AND PROCESS 

FOR PRODUCING SUBSTRATE SHEET FOR OPTICAL RECORDING MEDIUMS MAKING USE OF IT, AND 
APPARATUS FOR PRODUCING OPTICAL RECORDING MEDIUM AND PROCESS FOR PRODUCING OP ICAL 

RECORDING MEDIUM MAKING USE OF IT 



BACKGROUND OF THE INVENTION 



Field of the invention 



The present invention relates to an apparatus 
for continuously producing a substrate sheet for 
optical recording mediums used in optically record- 
ing and reproducing information using a laser beam 
or the like. It also relates to a process for continu- 
ously producing a substrate sheet for optical re- 
cording mediums by the use of the apparatus. The 
present invention further relates to an apparatus for 
producing an optica! recording medium, and a pro- 
cess for producing an optical recording medium by 
the use of the apparatus. 



Related Background Art 

In optical recording mediums such as optical 
disks and optical cards, optically detectable minute 
pits of several urn, for example, from 1 urn to 10 
mm, are formed in a track on a thin recording layer 
provided on a substrate, and thus information can 
be recorded in a high density. In such optical 
recording mediums, a laser beam must be scanned 
along the track when the information is recorded 
and reproduced. For this purpose, a substrate with 
guide grooves for tracking is commonly used. 

Methods of preparing such guide grooves or a 
substrate provided with guide grooves are known to 
include a compression molding process in which a 
softened plastic material is pressed using a stamp- 
er followed by curing, an injection molding process 
in which a molten plastic material is injected into a 
mold provided with a stamper followed by curing, 
and a 2P (photo-polymerization) process in which 
guide grooves are transferred from a stamper by 
the use of a photopolymer. Of these, the 2P pro- 
cess is one of superior processes for preparing 
substrates in view of the advantages that guide 
grooves can be readily transferred, substrates have 
a good solvent resistance, and substrates can be 
made to have less optical distortion. 

More specifically, the superior solvent resis- 
tance of a substrate is advantageous when a re- 
cording layer is formed by coating, using an or- 
ganic material as a recording material. For exam- 
ple, when a substrate is prepared by the 2P pro- 
cess, it is possible to use a solvent that can not be 
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used in a substrate comprised of usual plastics 
such as acrylate and polycarbonate because of its 
power to dissolve the surface of the substrate. 
Hence, it becomes possible to use a recording 

s material having a good solubility to the solvent, so 
that the recording material can be selected from a 
vast range of materials. The 2P process also has a 
great advantage that it requires only a very little 
investment in equipment, compared with other pro- 

w cesses. 

Compared with other processes, however, the 
2P process requires a longer production time per 
sheet of substrates, and has been involved in the 
problem that it is not suited for mass-production. 

75 Under such circumstances, a proposal, as dis- 
closed in Japanese National Publication (of trans- 
lated version) No. 62-506504, has been made on a 
technique by which, using a master on which pat- 
terns of pits or grooves have been formed, the 

20 patterns are transferred and formed on a film sub- 
strate so that substrates for film-like optical record- 
ing mediums can be continuously produced. 

A conventional method for producing sub- 
strates for optical recording mediums will be de- 

25 scribed below with reference to the accompanying 
drawing. Fig. 4 illustrates the structure of an ap- 
paratus used in forming guide grooves on a sub- 
strate according to a conventional method. In Fig. 
4, a substrate sheet 1 fed from feed rolls 2 is 

30 delivered along the circumference of a roll stamper 
3 on which guide grooves or preformat patterns 
corresponding with information are formed. A nip 
roll 8 has the function of pressing the substrate 
sheet 1 against the surface of the roll stamper 3. A 

35 resin tank 10 containing a liquid ultraviolet-curable 
resin 9, curable as a result of exposure to ul- 
traviolet rays, is provided beneath the roll stamper 
3. In this resin tank 10, a coating roll 11 is provided 
which rotates in pressure contact with the roll 

40 stamper 3. The liquid ultraviolet-curable resin 9 is 
coated by this coating roll 1 1 on the surface of the 
roll stamper 3. The ultraviolet-curable resin 9 thus 
coated is held between the substrate sheet 1 and 
the roll stamper 3 by the action of the nip roll 8. An 

45 ultraviolet lamp 13 is provided above the nip roll 8, 
and the ultraviolet-curable resin 9 held between the 
substrate sheet 1 and the roll stamper 3 is irradi- 
ated with ultraviolet rays so that the ultraviolet- 
curable resin is cured. A delivery roll 14 has the 

so function of peeling from the roil stamper 3 the 
substrate sheet 1 and the layer of the ultraviolet- 
curable resin having been cured in a fixed state to 

3 
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the substrate sheet. Thus, preformat patterns of 
optical disks are transferred to the substrate sheet. 

When, however, the ultraviolet-curable resin 
and the substrate are laminated according to the 
above method, the coating surface of the resin and 
the substrate are in liquid-solid contact, and there 
has been involved in the problem that bubbles tend 
to be included when they are brought into contact. 

Moreover, guide grooves of the roll stamper or 
preformat patterns corresponding with information 
are required to be. formed in an accuracy of a 
submicroscopic order. It, however, has been not so 
easy to eliminate, in a greater accuracy, rotational 
irregularities of a DC motor for driving the roll 
stamper and rotational irregularities caused by 
gears. This has been one of the causes of the 
troubles that may bring about eccentricities, de- 
fects and recording errors of recording mediums. 



SUMMARY OF THE INVENTION 

The present invention was made in view of the 
above problems. Accordingly, an object of the 
present invention ■ is to provide an apparatus for 
producing continuously and in a high productivity a 
substrate sheet for optical recording mediums, that 
employs as the roll stamper a roll stamper capable 
of undergoing elastic deformation, thereby prevent- 
ing bubbles from being included in a photo-curable 
resin, layer and between the photo-curable resin 
layer and the substrate sheet, and is improved in 
the follow-up action between a roll stamper and a 
substrate . sheet so that the rate of errors can be 
decreased, and also to provide a process for pro- 
ducing the substrate sheet making use of such an 
apparatus. 

Another object of the present invention is to 
provide an apparatus, and a process, for producing 
continuously and in a high productivity optical re- 
cording mediums, that can prevent bubbles from 
being included in a photo-curable resin layer and 
between the photo-curable resin layer and the sub- 
strate sheet, thereby decreasing the rate of errors. 

The apparatus of the present invention for pro- 
ducing a substrate sheet for optical recording me- 
diums is an apparatus comprising; 
a means for forming an photo-curable resin layer 
on at least one of a substrate sheet and a roll 
stamper having thereon a pattern corresponding 
with Preformatting information; 
a means for bringing the substrate sheet into close 
contact with the roll stamper, interposing said 
photo-curable resin layer between them; and 
a means for curing said photo-curable resin layer; 
said roil stamper being so formed as to undergo 
elastic deformation. 

The process of the present invention for pro- 



ducing a substrate sheet for optical recording me- 
diums is a process comprising the steps of; 
forming an photo-curable resin layer on at least 
one of a substrate sheet and a roll stamper having 
5 thereon a pattern corresponding with Preformatting 
information; 

bringing the substrate sheet into close contact with 
the roll stamper, interposing said photo-curable 
resin layer between them; 

70 irradiating said photo-curable resin layer with light 
to transfer said pattern to the photo-curable resin 
layer, and at the same time fixing said photo- 
curabfe resin layer to the substrate sheet; and 
peeling from the roll stamper the substrate sheet 

rs on which a photo-cured resin layer has been fixed; 
said roll stamper being so formed as to undergo 
elastic deformation. 

The apparatus of the present invention for pro- 
ducing an optical recording medium is an appara- 

20 tus comprising continuously; 

a means for melting a resin and extruding the 
molten resin to form a resin sheet; 
a means for forming a photo-curable resin layer on 
at least one of a substrate sheet and a roll stamper 

25 having thereon a pattern corresponding with Prefor- 
matting information; 

a means for bringing the substrate sheet into close 
contact with the roll stamper, interposing said 
photo-curable resin layer between them; 
30 a means for curing said photo-curable resin layer; 
a means for peeling from the roll stamper the 
substrate sheet on which a photo-cured resin layer 
has been fixed; 

a means for forming a recording layer on the 
35 surface of the substrate sheet on which said pat- 
tern has been formed; 

a means for forming a protective member on the 
surface on which said recording layer has been 
formed; and 

40 a means for individually cutting said substrate 
sheet having said recording layer and protective 
member; 

said roll stamper being so formed as to undergo 
elastic deformation. 

45 The process of the present invention for pro- 

ducing an optical recording medium is a process 
comprising continuously the steps of; 
melting a resin and extruding the molten resin to 
form a resin sheet; 

so forming a photo-curable resin layer on at least one 
of a substrate sheet and a roll stamper having 
thereon a pattern corresponding with Preformatting 
information; 

bringing the substrate sheet into close contact with 
55 the roll stamper, interposing said photo-curable 
resin layer between them; 

curing said photo-curable resin layer to fix the layer 
to said substrate sheet; 
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peeling from the roll stamper the substrate sheet 
on which a photo-cured resin layer has been fixed; 
forming a recording layer on the surface of the 
substrate sheet on which said pattern has been 
formed; 

forming a protective member on the surface on 
which said recording layer has been formed; and 
individually cutting said substrate sheet having said 
recording layer and protective member; 
said roll stamper being so formed as to undergo 
elastic deformation. 

Referring again to the prior art, U.S. Patent No. 
3,636,147 and Japanese Patent Publication No. 
20694/1988 disclose that a roll having an elastic 
surface is used as a press roll used in embossing 
on a resin sheet. In the manufacture of an optical 
recording medium using a 2P resin, however, the 
2P resin is in a liquid state, and hence no step is 
provided in which a great pressure is applied as in 
the molding of the above resin film. Thus, there 
has been no 2P molding in which a roll stamper is 
so constituted as to undergo elastic deformation. 
The present inventors have found that in the manu- 
facture of a substrate sheet according to the 2P 
molding, for an optical recording medium having a 
very fine and regular pattern of preformatting in- 
formation, employment of a roll stamper capable of 
undergoing elastic deformation makes it possible 
for bubbles to be greatly suppressed from occur- 
ring when a substrate sheet is brought into close 
contact with a roll stamper interposing a photo- 
curable resin layer between them. The present 
invention has been thus accomplished. 



BRIEF DESCRIPTION OF THE DRAWINGS 



Figs. 1 and 2 illustrate preferred embodiments 
of the apparatus of the present invention for 
producing a substrate sheet for optical recording 
mediums. 

Fig. 3 schematically illustrates an embodiment 
of the apparatus of the present invention for 
producing optical recording mediums. 
Fig. 4 schematically illustrates a conventional 
process for optical recording mediums accord- 
ing to the 2P process. 

DESCRIPTION OF THE PREFERRED EMBODI- 



MENTS 

The present invention will be described below 
in detail with reference the drawings. 

In the present invention, a roll stamper capable 
of undergoing elastic deformation is used as the 
roll stamper so that bubbles can be readily pre- 
vented from their inclusion in a photo-curable resin 
layer held between the substrate sheet and the roll 



stamper, in addition, the follow-up of the roll stamp- 
er to the substrate sheet is improved against fine 
rotational irregularities or vibrations so that medium 
errors can be readily decreased. 

5 Fig. 1 illustrates the constitution of an example 

of the apparatus of the present invention, used in 
the process for continuously producing a substrate 
for optical recording mediums. In Fig. 1, a sub- 
strate sheet 1 is so constituted as to be fed from 

10 feed rolls 2. There are no particular limitations on 
the substrate sheet 1 so long as it is flexible. For 
example, it is possible to suitably use plastic 
sheets made of polycarbonate, an acrylic resin, a 
polyolefin resin, a polyester resin, an epoxy resin 

75 or the like. A primer layer may also be formed on 
the surface of the substrate sheet 1 in order to 
increase the adhesion to a photo-curable resin 9. 

A roll stamper 3 has patterns formed on its 
surface, corresponding with preformatting informa- 

20 tion, and is so constituted as to undergo elastic 
deformation when brought into close contact with 
the substrate sheet 1 , interposing the photo-curable 
resin layer. 

A resin tank 10 holding therein a liquid photo- 

25 curable resin 9 which is curable as-a result of 
irradiation with, e.g., ultraviolet rays is provided 
below the roll stamper 3. In this resin -tank 10, a 
coating roll 11 that rotates in pressure contact with 
the surface of the roll stamper 3 is provided so that 

30 the photo-curable resin 9 in a liquid state is applied 
to the surface of the roll stamper 3. A resin layer 9 
thus formed by coating is regulated with a blade 12 
to have a uniform thickness, and then held between 
the substrate sheet 1 and the roll stamper 3 by 

35 means of a nip roll 8. - - . 

Subsequently, using an ultraviolet lamp pro- 
vided above the roll stamper 3, the photo-curable 
resin layer held between the substrate sheet 1 and 
the roll stamper 3 is irradiated with ultraviolet rays 

40 so that the photo-curable resin is cured. Then, a 
photo-cured resin layer 9 thus formed is peeled 
from the roll stamper 3 by the aid of a delivery roll 
14. Thus a substrate sheet for optical recording 
mediums can be obtained in which the preformat 

45 patterns of stampers have been transferred to the 
photo-curable resin layer on the substrate sheet. 

In the present invention, the roil stamper ca- 
pable of undergoing elastic deformation can be 
prepared in the manner, for example, as shown in 

so Fig. 1, where an elastic material layer (an 
elastomer layer) 5 is provided on the periphery of a 
core 4 made of a metal to form an elastic roll, and 
then a flat-sheet stamper 6 made of Ni, of from 0.1 
to 0.3 mm in thickness, is adhered with an adhe- 

55 sive or mechanically fixed with screws or the like 
on the periphery of the elastic roll along its surface. 
Thickness of the elastomer layer 5 may vary de- 
pending on the materials used, and may preferably 
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be usually in the range of from 0.1 to 100 mm, and 
particularly from 0.5 to 50 mm. 

The elastic material used here should have a 
smaller hardness than at least the metal core 4. 
Specifically, it may preferably has an hardness of 
from 5 to 100, and particularly from 10 to 80, 
according to JIS-A hardness so that the patterns 
can be transferred in a high accuracy and also no 
bubbles may be included in the photo-curable resin 
layer or at the interface between the photo-curable 
resin layer and the substrate sheet when the sub- 
strate sheet is brought into close contact with the 
roll stamper. Materials therefor specifically include, 
for example, elastomers such as polyurethanes, 
natural rubber, isoprene rubber, chloroprene rub- 
ber, and silicone rubber. 

The roll stamper can also be prepared in the 
manner as shown in Fig. 2, where on the periphery 
of a core 4 made of a metal a stamper 7 compris- 
ing an elastic material is adhered along its surface 
or directly set and molded on the core. 

The stamper used here, comprising an elastic 
material, includes, for example, stampers made of 
elastic resins such as silicone resin and fluorine 
resin. The stamper used here may preferably have 
a thickness of from 0.1 to 50 mnrvand particularly 
from 0.5 to 10 mm. It also may preferably have a 
hardness of from 10 to 100, and particularly from 
30 to 90, according to JIS-A hardness, from the 
viewpoint of good transfer of patterns and preven- 
tion of inclusion of bubbles. 

In the preformat pattern formed on the roll 
stamper, that corresponds with preformatting in- 
formation, the preformatting information refers to, 
for example, tracking grooves and/or encoded in- 
formation in the form of readable marks. It specifi- 
cally refers to a spiral track groove for an optical 
disk, having dimensions of, for example, a width of 
from 0.2 urn to 3.0 urn and particularly from 0.5 
um to 2 um, and a pitch of from 0.1 urn to 15.0 
lim and particularly from 1.0 um to 5 um; stripe- 
like track grooves for an optical card, of a width of 
from 1 um to 10 um and particularly from 2 um to 
5 um, and an interval of from 5 um to 20 um and 
particularly from 8 um to 15 um; or rectangular 
minute information pits of a length of 10 um or less 
and a width of 10 um or less, or elliptical informa- 
tion pits of a major axis of 10 um or less. 

As materials for the metal core used in the 
present invention, it is possible to use metal semi- 
conductors, dielectrics or alloys, and particularly 
preferably aluminum, hard metals, diecast metals, 
etc. which can be readily mirror-finished. Or steel 
can be particularly preferably used. 

The outer diameter of the roll stamper may 
vary depending on the material and thickness of 
the substrate sheet 1. For example, when an op- 
tical disk using a 1.2 mm thick polycarbonate is 
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taking into account, the roll stamper 3 may prefer- 
ably have a diameter of not less than 300 mm. It 
may preferably have a diameter of not less than 
150 mm even when an optical disk made of a 0.4 

5 mm thick polycarbonate is taken into account. 

In Fig. 1, the photo-curable resin 9 in a liquid 
state is applied to the surface of the roll stamper 3 
by means of the coating roll 1 1 that rotates in 
pressure contact with the surface of the roll stamp- 

10 er 3. The liquid resin thus applied is regulated with 
the blade 12 to have a uniform thickness, and then 
held between the substrate sheet 1 and the roll 
stamper 3 by means of a nip roll 8. In the present 
invention, the photo-curable resin layer may not be 

15 applied only to the surface of the roll stamper 3, 
and may alternatively applied to the surface at 
which the substrate sheet is opposed to the roll 
stamper. Still alternatively, it may also be applied 
to both the surfaces of the substrate sheet 1 and 

20 the roll stamper 3. In the case when the photo- 
curable resin is applied to both the surfaces of the 
substrate sheet 1 and the roll stamper 3, the step 
of adhering the substrate sheet to the roll stamper 
3 is carried out in liquid-liquid contact, so that the 

25 bubbles can be much better suppressed from gen- 
eration when the substrate sheet and roll stamper 
are brought into close contact, also bringing about 
an improvement in adhesion. This is hence pre- 
ferred. In this instance, the photo-curable resin may 

30 preferably be applied to the substrate sheet 1 
and/or the roll stamper 3 in a coating thickness of 
from 0.1 to 50 um, and particularly from 1 to 30 
um, in order to prevent the substrate from its 
warpage due to cure shrinkage and improve trans- 

35 fer performance of preformat patterns. 

The photo-curable resin 9 used in the present 
invention includes, for example, an ultraviolet-cur- 
able resin and an electron ray-curable resin. 

The ultraviolet-curable resin that can be used 

40 includes prepolymers, oligomers and monomers, 
having an unsaturated bond in the molecule. For 
example, it is possible to use a mixture of i) one or 
more kinds of an unsaturated polyester, an acrylate 
such as epoxy acrylate, urethane acrylate or 

45 polyether acrylate, and a methacrylate such as 
epoxy methacrylate, urethane methacrylate, 
polyether methacrylate or polyester methacrylate 
and ii) a photopolymerizable monomer having an 
unsaturated bond in the molecule, as exemplified 

so by a functional monomer such as dicyclopentenyl 
acrylate, 1 ,3-butanediol acrylate, polyethylene gly- 
col diacrylate or pentaerythritol acrylate. A radical- 
generating compound such as a halogenated 
acetophenone, benzophenone, benzoin, benzoin 

55 ether, Michler's ketone, benzyl, benzyl dimethyl 
ketal, tetramethylthiuram monosulfide or a thiox- 
azone may also be used as a polymerization in- 
itiator. These may be any of those which can be 

6 
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rea'dily peeled from a stamper when cured, and 
also can be well matched to a recording layer. 
There are no particular limitations on the coating of 
the liquid photo-curable resin 9 on the roll stamper 
3, and the coating roll 11 may be replaced by a 
dispenser nozzle or any other conventional coating 
means used in printing, from which a suitable 
means may be selected depending on the viscosity 
and coating thickness. 

In the present invention, the step of forming the 
substrate sheet 1 by extrusion is provided, as 
shown in Fig. 3, before the step of transferring the 
pattern of Preformatting information to the substrate 
sheet 1 having thereon the above photo-curable 
resin. After the step of peeling the substrate sheet 
to which the patterns corresponding with Preformat- 
ting information have been transferred, steps are 
also continuously provided, including the step of 
forming a recording layer on the surface of a 
photo-cured resin layer on which the preformat 
pattern has been formed, the step of forming a 
protective layer on the recording layer, and the 
step of cutting the sheet into individual optical 
recording mediums. Thus, optical recording me- 
diums having a high reliability can be produced in 
a good mass-productivity and at a low cost. 

These steps will be detailed below with refer- 
ence to Fig. 3. 

In Fig, 3, the numeral 31 denotes an extruder, 
into which pellets of the material for a substrate 
sheet 1 are put from a hopper 30. A molten resin is 
extruded in the form of a belt from a T-die con- 
nected to the extruder. With approach to an outlet 
of the T-die, the resin is lead to the gap between a 
roll 32 and a roll 33. A mirror surface is transferred 
to the underside surface of the substrate sheet 1 
through means of a mirror-surface roil 33, and then 
a mirror surface is also transferred to another sur- 
face of the substrate sheet through means of a 
mirror-surface roll 34. The substrate sheet is thus 
formed. 

Here, the molten resin extruded from the T-die 
in a sheet is held between the rolls 32 and 33 
under pressure, so that the mirror surfaces are 
formed on its surfaces. At this time, the resin sheet 
may preferably be in a state near to molten as far 
as possible in order to carry out good transfer. 
Hence, the distance between the T-die and the 
point at which the resin sheet is pressed between 
the rolls 32 and 33 may preferably be not more 
than 50 cm, and particularly not more than 20 cm. 
The temperature in the surrounding atmosphere in 
that course may preferably be not lower than 
60' C. 

The resin sheet serving as the substrate sheet 
of the present invention may have a thickness 
variable with variations of the space between the 
rolls 32 and 33. In view of the advantages that little 



strain may be produced inside the resin sheet, the 
resin sheet may preferably have a thickness of 
from 0.2 mm to 2.0 mm, and particularly from 0.3 
mm to 1 .5 mm. A thickness less than 0.2 mm may 
s cause rapid cooling of the resin sheet, resulting in 
an insufficient transfer. On the other hand, a thick- 
ness more than 2.0 mm tends to cause strain in 
the sheet. 

The rolls 32, 33 and 34, on which the thickness 
/o of this sheet depends, are so set as to be as 
parallel as possible to each other in order to pre- 
vent the irregularities in sheet thickness that may 
cause errors in recording and reproduction. Stated 
specifically, assuming as 6 the angle formed by the 
75 axis of each roll, it is preferred that tane is 5 x 10~ 3 
or less, and particularly 1 x 10~ 3 or less. 

The extrusion speed of the resin sheet and the 
peripheral speeds of a roll stamper 3, the mirror- 
surface rolls 33, 34 and coaters 11 , 35 may prefer- 
20 ably be set equal. This is because no stress such 
as stretch is applied to the resin sheet and hence a 
resin sheet free from double refraction or the like 
and with superior optical characteristics can be 
obtained. 

25 Next, the substrate sheet 1 thus^formed is 

coated with a photo-curable resin 9 by means of a 
coater 11, and is subsequently brought, into pres- 
sure contact with a roll stamper 3 capable of un- 
dergoing elastic deformation, having on its surface 

30 preformat patterns. The part brought into pressure 
contact is irradiated with an ultraviolet lamp 13, so 
that preformat patterns for track grooves or address 
pits are transferred to a photo-cured resin layer. 
Next, the numeral 35 denotes a . coater for 

35 coating a recording layer material on the:surface of 
the photo-cured resin layer 9 on which the prefor- 
mat patterns have been formed. The recording 
layer material can be coated using various printing 
methods. In the most simple method, as shown in 

40 Fig. 3, an ink obtained by dissolving in a suitable 
solvent a dye serving as a recording material is 
held in an ink reservoir denoted by 35' and is fed 
through a single roll 35 to the surface of the photo- 
cured resin layer 9 on which the preformat pat- 

45 terns have been formed. 

Here, the recording layer material may prefer- 
ably be coated from the underside of the substrate 
sheet. Namely, in principle, the recording layer 
materia! can be coated on the top surface side if a 

so manufacture environment is kept perfectly clean, 
but it is impossible in reality to completely elimi- 
nate dust. Hence, the underside coating is very 
effective for preventing dust. 

Next, the substrate sheet is passed through a 

55 tunnel dryer denoted by 36 to remove a solvent 
from the coating surface, and then a protective 
member 39 is formed. The protective member can 
be formed by various methods including (1) a 
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method in which a protective substrate or film is 
directly laminated on a recording layer, (2) a meth- 
od in which a protective film is directly formed on 
*the surface on which a recording layer has been 
formed, and (3) a method in which an air layer is 
provided above the surface on which a recording 
layer has been formed, and then a protective mem- 
ber is laminated thereon. 

In the apparatus shown in Fig. 3, a protective 
sheet 39 is fed from a feed roll denoted by 37, and 
the protective member is laminated using a pres- 
sure roll 38. This process can be applied in the 
direct lamination as in the above method (1) or the 
lamination via an air layer as in the method (3). The 
protective substrate for use in the lamination in the 
method (3) is provided with a spacer at the outside 
of a recording area, and is previously processed to 
have concavities and convexities on a surface on 
the protective member side so that a given air 
layer can be retained at the time of lamination. 
Here is used a member separately obtained by 
processing a protective sheet by vacuum forming 
to have concavities and convexities on the surface, 
and wound up in a spiral form. Alternatively, in 
place of the process for providing the concavities 
and convexities, an adhesive with ^beads may be 
used, which is applied to the outer perimeter and/or 
inner perimeter of the outside of a recording area, 
and then a protective member is laminated there- 
on. 

As the method in which a protective member is 
directly formed on a recording layer, there is, for 
example, a method in which a hot-melt adhesive is 
applied between the resin sheet and the protective 
member, and then a heat roll is passed through to 
make a lamination. They may be laminated by 
adhesion using an adhesive, by joining using a 
pressure-sensitive tape that also serves as a spac- 
er, and, in addition thereto, by direct melt adhesion 
between the substrate and the protective member, 
using an ultrasonic welder or a hot press. 

Next, the sheet thus provided with the protec- 
tive member is separated into individual optical 
recording mediums by means of a cutting machine 
44. The optical recording mediums thus separated 
(45) are delivered on a conveyor belt 48. A residual 
material 46 remaining after the cutting of optical 
recording mediums is wound up on a drum 47. The 
cutting is carried out by male-female type punching 
using an oil hydrauric press. 

In the present invention, the substrate sheet is 
processed in the state of a continuous sheet, and 
hence the substrate sheet itself is moved until it 
reaches the step of cutting. Thus, it can be deliv- 
ered by only a relatively simple roll transport sys- 
tem. 

An automatical alignment or positioning mecha- 
nism may be optionally provided in the step of 
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laminating the substrate sheet and the protective 
member or the step of punching the optical record- 
ing mediums. More specifically, since, in the in- 
. stance where the air layer is provided using a 

5 backing material, a member is laminated at the 
outside of a recording area, the right-and-left posi- 
tional movement or forward-and-backward feeding 
is controlled so that the position at which a prefor- 
mat pattern is formed can be detected and the 

70 concavity and convexity of the backing material 
can be made to positionally correspond thereto. 

The cutting step is required to be accurate 
particularly when optical disks are prepared, where 
the inner perimeter or outer perimeter of an optical 

75 disk is detected using reflected light of a laser spot 
or a position signal is detected with a CCD by 
reading a groove on a substrate or a marker spe- 
cially provided thereon, according to which a 
punching press is moved. 

20 In order to operate these positioning mecha- 

nisms in an adequate degree of freedom, the sheet 
is fed in a "loosened" state to a certain degree. 
The embodiment as shown in Fig. 3, in which the 
coating surface is provided on the underside of the 

25 sheet, is advantageous for preventing dust from 
adhering to the coating surface. However, used as 
a delivery roll should be a roll to hold the sheet at 
its side edges so that the roll may not be in touch 
with the coating surface correspondind to a record- 

30 ing surface. 

Incidentally, the cutting of optical recording 
mediums, finally carried out among the steps 
shown in Fig. 3, can be carried out in a sufficiently 
short time. When the above marker for cutting is 

35 used, the substrate sheet may preferably be stop- 
ped so that the sheet can be cut in an improved 
accuracy. On the'^other hand, at the time when the 
substrate sheet resin is melt-extruded, the prefor- 
mat patterns are formed and the recording layer is 

40 formed, the sheet should preferably be formed and 
delivered at a constant speed in order to prevent 
defects such as non-uniformity in the substrate 
sheet thickness, occurrence of strain in the sub- 
strate sheet, faulty transfer of a preformat pattern, 

45 and coating uneveness of a recording layer. 

Then, a mechanism of loosening the substrate 
sheet may preferably be provided before the cut- 
ting step so that the steps through which the sheet 
is fed in a continuous state and the step in which 

so the substrate sheet is stopped and cut can be 
successively carried out. 

In Fig. 3, the numeral 42 denotes a loosening 
mechanism, in which the position of a roll is 
changed up and down by spring so that the steps 

55 through which the sheet is continuously delivered, 
ranging from the step of extruding the resin up to 
the step of laminating the protective member, and 
the cutting step in which the sheet is intermittently 
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fed can be continuously carried out in the state that 
both the steps are remain connected. 

In addition to the steps shown in Fig. 3, a step 
of removing static charges and dust may be further 
optionally inserted so that the substrate sheet on 5 
which the preformat patterns have been formed 
can be prevented from attraction of dust due to 
static charge thereof. From the viewpoint of pre- 
venting the attraction of dust, it is also preferable to 
cover with a clean tunnel the desired sections 10 
ranging, for example, from the section at which the 
substrate sheet resin is melt-extruded, to the sec- 
tion corresponding to the step of forming the pro- 
tective member. 

Materials used for an optical recording layer 15 
may vary depending on whether the optical record- 
ing medium of the present invention is used for an 
ROM (read-only memory) in which the information 
previously formed on a substrate as Preformatting 
information can only be read, or used for a mem- 20 
ory in which additional information can be written. 
In the case of the former ROM, the recording layer 
may preferably have a higher reflectance, and, for 
example, a material comprising metal fine particles 
dispersed in a binder, or a heat-resistant dye or 25 
pigment may be used. In the latter case, it is 
preferable to use a material having both absorption 
and reflection to recording-reproducing light, and 
requiring a smaller energy necessary for causing 
changes in reflectance as a result of irradiation with 30 
energy beams. It is further preferable to use a 
material that may cause changes in ref lectance 
with difficulty, at the recorded areas (pits, etc.) and 
unrecorded areas. 

Such an optical recording material includes, for 35 
example, anthraquinone derivatives (particularly 
those having an indanthrene skeleton), dioxazine 
compounds and derivatives thereof, 
triphenodithiazine compounds, phenanthrene de- 
rivatives, cyanine compounds, merocyanine com- 40 
pounds, pyrylium compounds, xanthene com- 
pounds, triphenylmethane compounds, chroconium 
coloring matters, azo coloring matters, chrocones, 
azines, indigoids, polymethine coloring matters, 
azulenes, squarilium derivatives, sulfur dyes, and 45 
metal dithiolate complexes. 

These coloring matters may also be mixed with 
stabilizers. Such stabilizers include various types of 
metal chelate compounds, in particular, those com- 
prising a multidentate ligand having a central metal so 
such as Zn, Cu, Ni, Cr, Co, Mn, Pd and Zr, as 
exemplified by tetradentate ligands having N4, 
N2O2, N2S2, S*, O2S2, O4, etc., or a combination 
of these, as well as various types of aromatic 
amines or diamines, nitrogen-containing aromatics, 55 
and onium salts thereof as exemplified by aminium 
salts, diimonium salts, pyridinium salts, im- 
idazolinium salts, and quinolium salts. Pyrylium 



salts or the like which are salts of oxygen-contain- 
ing aromatics may also be used. These stabilizers 
can be used in combination of plural ones. 

The above various stabilizers are selected tak- 
ing account of the compatibility with the above 
organic coloring matters and solvents used. The 
stabilizer may preferably be added in an amount of 
from 1 wt.% to 50 wt.% based on the organic 
coloring matter. In particular, when added in an 
amount of from 10 wt.% to 30 wt.%, the lowering of 
sensitivity can be less and the effect as the stabi- 
lizer can be high. 

Solvents used in dissolving the above organic 
coloring matters and stabilizers may preferably in- 
clude those which may not attack the resin sheet. It 
is possible to use diacetone alcohol, cellosolve, 
and 1-methoxy-2-propanol, and also mixed solvents 
composed of any of the above solvents to which a 
solvent of a halogen type has been added in a 
small amount. 

The sheet-like optical recording medium pre- 
pared in this way is then cut or punched out to be 
formed into individual optical disks or optical cards, 
depending on the preformat signals to be recorded. 

In practical use, steps of labeling, lot number 
printing, casing, and so forth may be - optionally 
added in the course of these steps or after comple- 
tion of the steps. An inspection step, and a feed 
back based on the inspection may also be option- 
ally provided. For example, as an optical inspec- 
tion, a means for inspecting double refraction, re- 
flectance or light-transmittance of a medium or a 
coating film, or defects such as scratches and 
inclusion of dust, a means for measurement for 
judging the quality of sheet thickness or grooves 
formed, and a means for evaluating the perfor- 
mance as a disk or card, can be provided in the 
course of or after the steps. 

As having been described above, according to 
the present invention, which employs as the roll 
stamper a roll stamper capable of undergoing elas- 
tic deformation, a substrate sheet for optical re- 
cording mediums, that can prevent bubbles from 
being included in a photo-curable resin layer and is 
improved in the follow-up action between a roll 
stamper and a substrate sheet so that the rate of 
errors can be decreased, can be produced continu- 
ously and in a high productivity. 



EXAMPLES 

The present invention will be described below 
in greater detail by giving Examples. 
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A photoresist (trade name: AZ-1300; a product 
of Hoechst Japan Ltd.) film was formed on a glass 
master to have a film thickness of 1,000 A, fol- 
lowed' by exposure using a laser beam cutting 
device and then developing to form a preformat 
pattern comprised of concavities and convexities. 
Next, on the pattern thus formed, an Ni thin film 
was formed by sputtering so that its surface was 
made conductive, and thereafter an Ni deposit of 
0.1 mm in thickness was formed by electroforming. 
Next, the Ni deposit was peeled from the glass 
master. Flat sheet stampers made of Ni, used for 
3.5 inch optical disks were thus obtained, each 
having a preformat pattern in a spiral form of^O.6 
urn in groove width, 1 .6 ixm in pitch and 900 A in 
groove depth. 

On the other hand, on the periphery of a stain- 
less steel core of 350 mm in outer diameter and 15 
mm in width, whose surface had been mirror-fin- 
ished, an elastomer layer 5 made of chloroprene 
rubber was formed with a thickness of 50 mm by 
wrap-and-steam molding so as to give an outer 
diameter of 400 mm. A rubber roll was thus pre- 
pared. 

Next, using an epoxy adhesive (trade name: 
EP-170; a product of- Cemedine :Co., Ltd.), 12 
pieces of the flat sheet stampers made of Ni, thus 
obtained, were stuck fast in a row on the periphery 
of the above rubber roll. A roll stamper was thus 
prepared. 

A polycarbonate substrate sheet of 1.2 mm in 
thickness and 130 mm in width was used as the 
substrate sheet 1 . An ultraviolet-curable resin of an 
epoxy acrylate type (MRA-5000, a product of Mit- 
subishi Rayon Co., Ltd.) was applied to the pattern 
surface of the roll stamper to give a thickness of 25 
am. The substrate sheet was fed at a speed of 2.5 
m/min. The substrate sheet was brought into close 
contact with the roll stamper by means of the nip 
roll. Thereafter, the ultraviolet-curable resin layer 
thereby spread out was irradiated with ultraviolet 
rays (a 4 kW high-pressure mercury lamp, 300 
mW/cm 2 ) for 1 5 seconds over the whole surface of 
the substrate sheet, and the ultraviolet-curable res- 
in layer was thus cured and made to be in close 
contact with the substrate sheet. 

Next, the substrate sheet and the ultraviolet- 
cured resin layer formed thereon were peeled from 
the roll stamper. Thus, a substrate sheet having a 
track groove pattern of 0.6 urn in groove width, 1 .6 
urn in pitch and 900 A in groove depth was ob- 
tained. No defective bubbles were visually seen on 
the substrates thus obtained. A mask was covered 
on this substrate sheet and then disk substrates 
were cut therefrom using a CO2 laser cutter. The 
rate of errors of the substrates was measured to 
reveal that an average value of 10 pieces was 5 x 

10- 6 . 
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Comparative Example 1 

Disk substrates with preformat patterns were 
obtained according to the same procedure as in 

5 Example 1, except that a roll stamper comprising a 
stainless steel roll of 400 mm in outer diameter on 
the surface of which flat sheet stampers made of 
Ni were stuck with an epoxy adhesive. Some bub- 
bles were seen in the substrates thus obtained. 

10 The rate of errors thereof was measured to reveal 
that an average value of 10 pieces was 6 x 10~ 5 . 



Example 2 

15 

A photoresist (trade name: AZ-1300; a product 
of Hoechst Japan Ltd.) film was formed on a^ glass 
master to have a film thickness of 3,000 A, fol- 
lowed by exposure using a laser beam cutting 

20 device and then developing to form a preformat 
pattern corresponding with track grooves for an 
optical card. Next, on the pattern thus formed, a 
silicone resin (trade name: KE10; a product of 
Shin-Etsu Silicone Co., Ltd.) was coated in a thick- 

25 ness of 5 mm. The resulting coating was cured at 
60 °C for 3 hours, and then peeled from the glass 
master. Stampers made of silicone resin, used for 
optical cards were thus obtained, each having a 
preformat pattern corresponding with tracking 

30 grooves for an optical card, which are in a stripe 
form of 3 urn in groove width, 12 urn in pitch and 
3,000 A in groove depth. 

Using a silicone resin adhesive (trade name: 
KE41; a product of Shin-Etsu Silicone Co., Ltd.), 10 

35 pieces of the stampers thus obtained were stuck 
fast in a row on the surface of a core roll made of 
stainless steel, of v 200 mm in outer diameter and 
130 mm in width. A roll stamper was thus pre- 
pared. 

40 Using this roll stamper, an apparatus as shown 

in Fig. 2 for producing a substrate sheet for optical 
cards was made up. 

A polycarbonate substrate sheet of 0.4 mm in 
thickness and 120 mm in width was used as the 

45 substrate sheet. The substrate sheet was fed at a 
speed of 3 m/min, followed by the same procedure 
as in Example 1. A substrate sheet for optical 
cards having stripe-like tracking grooves of 3 urn in 
groove width, 12 urn in pitch and 3,000 A in 

so groove depth was thus obtained. No defective bub- 
bles were seen on the substrates thus obtained. 
The rate of errors of the card substrates was mea- 
sured to reveal that an average value of/ 10 pieces 
was 7 x 10~ e . 

55 

Example 3 
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*A roll stamper was prepared in the same man- 
ner as in Example 2, except that a pattern cor- 
responding with stripe-like tracking grooves for an 
optical card, of 2.5 urn in groove width, 12 urn in 
pitch and 3,000 A in groove depth was formed-as 
the preformat pattern formed on the roil stamper 3. 
Using this roll stamper, an apparatus as shown in 
Fig. 3 for producing optical cards was made up. 

Using pellets of polycarbonate having an aver- 
age molecular weight of 25,000, a substrate sheet 
was formed under conditions of an extrusion width 
of 200 mm, a roll gap of 0.4 mm and an extrusion 
speed of 3 m/min. Subsequently, this substrate 
sheet 1 was coated with an ultraviolet-curable resin 
9 in a coating thickness of 30 urn, using a roll 
coater 1 1 . Polyurethane acrylate (trade name: UVX- 
SS120; a product of Three Bond Co., Ltd.) was 
used as the ultraviolet-curable resin. 

The resin stampers stuck on the roll stamper 3 
were 90 mm x 60 mm in dimensions for each 
stamper, which are large enough to cover an op- 
tical card (85 mm x 54 mm), and a pattern was 
formed in an area of 85 mm x 30 mm. 

Next, the roll stamper 3 was brought into close 
contact with an ultraviolet-curable resin layer 9 , 
and irradiated with light at an intensity of 100 W/cm 
using an ultraviolet lamp 13 at a distance of 50 
mm. Preformat patterns were thus transferred and 
fixed to an ultraviolet-cured resin layer. 

Next, a recording layer was formed by coating 
using a roil coater 35 so that it was formed over 
the whole surface of the substrate sheet on which 
the tracking grooves were formed. A solution ob- 
tained by dissolving a polymethine dye (trade 
name IR-820; a product of Nippon Kayaku Co., 
Ltd.) in diacetone alcohol in a concentration of 2 
wt.% was used as a recording layer coating solu- 
tion 35'. 

The recording layer was dried in the following 
manner: Dried air passed through an air filter of 0.2 
urn thick, heated to 30 'C, was flowed at a speed 
of from 1 m/min to 5 m/min so that a laminar flow 
was produced in a tunnel of 3 m, from the direction 
opposite to the flow of the sheet. 

Next, as a protective member 39, a polycar- 
bonate sheet of 0.25 mm thick was superposed on 
the substrate sheet on which the recording layer 
was formed, interposing a film-like hot-melt adhe- 
sive between them, which were then laminated 
through a heated press roll 38 to give a total 
thickness of 0.7 mm. The resulting sheet was 
punched using a press cutting machine 44 along 
cut markers previously formed (which were formed 
at the same time with the formation of preformat 
patterns). 

It was possible to cut the sheet in sufficiently 
short time. Since, however, the sheet was not con- 
tinuously fed, the mechanism of "loosening" the 
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sheet was provided between the formation of the 
protective member and the cutting so that the 
sheet can be continuously fed. 

The rate of errors of the optical cards thus 
5 prepared was measured to reveal that an average 
value of 10 pieces was 6 x 10~ 6 . 

Claims 

10 

1 . An apparatus for producing a substrate sheet for 
optical recording mediums, comprising; 

a means for forming an photo-curable resin layer 
on at least one of a substrate sheet and a roll 

15 stamper having thereon a pattern corresponding 
with preformatting information; 
a means for bringing the substrate sheet into close 
contact with the roll stamper, interposing said 
photo-curable resin layer between them; and 

20 a means for curing said photo-curable resin layer; 
said roll stamper being so formed as to undergo 
elastic deformation. 

2. An apparatus for producing a substrate sheet for 
optical recording mediums according to Claim 1, 

25 wherein said roll stamper comprises a core made 
of a metal, having an elastomer layer on its periph- 
ery, and a flat-sheet stamper fixed, on said 
elastomer layer. - 

3. An apparatus for producing a substrate sheet for 
30 optical recording mediums according to Claim 2, 

wherein said elastomer layer has a thickness of 
from 0.1 mm to 100 mm. 

4. An apparatus for producing a substrate sheet for 
optical recording mediums according to Claim 3, 

35 wherein said elastomer layer has a thickness of 
from 0.5 mm to 50 mm. 

5. An apparatus for producing a substrate sheet for 
optical recording mediums according to Claim 1, 
wherein said elastomer layer has a hardness of 

40 from 5 to 100 according to JIS-A hardness. 

6. An apparatus for producing a substrate sheet for 
optical recording mediums according to Claim 1, 
wherein said elastomer layer has a hardness of 
from 10 to 80 according to JIS-A hardness. 

45 7. An apparatus for producing a substrate sheet for 
optical recording mediums according to Claim 2, 
wherein said elastomer layer comprises at least 
one elastomer selected from the group consisting 
of a polyurethane, a natural rubber, an isoprene 

so rubber, a chloroprene rubber and a silicone rubber. 

8. An apparatus for producing a substrate sheet for 
optical recording mediums according to Claim 1, 
wherein said roll stamper comprises a core roll 
made of a metal, and a stamper comprising an 

55 elastomer, fixed on its periphery. 

9. An apparatus for producing a substrate sheet for 
optical recording mediums according to Claim 8, 
wherein said stamper has a thickness of from 0.1 

11 
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mm to 50 mm.. 

10. An apparatus for producing a substrate sheet 
for optical recording mediums according to Claim 
9, wherein said stamper has a thickness of from 

0. 5 mm to 10 mm.. 

11. An apparatus for producing a substrate sheet 
for optical recording mediums according to Claim 
8, wherein said stamper has a hardness of from 10 
to 100 according to JIS-A hardness. 

12. An apparatus for producing a substrate sheet 
for optical recording mediums according to Claim 
11, wherein said stamper has a hardness of from 
30 to 90 according to JIS-A hardness. 

13. An apparatus for producing a substrate sheet 
for optical recording mediums according to Claim 
8, wherein said stamper comprises at least one 
elastomer selected from the group consisting of a 
silicone resin and a fluorine resin. 

14. An apparatus for producing a substrate sheet 
for optical recording mediums according to Claim 

1, wherein said roll stamper has on its surface a 
preformat pattern corresponding with Preformatting 
information. 

15. A process for producing a substrate sheet for 
optical recording mediums, comprising the steps 
of; 

forming an photo-curable resin layer on at least 
one of a substrate sheet and a roll stamper having 
thereon a pattern corresponding with preformatting 
information; 

bringing the substrate sheet into close contact with 
the roll stamper, interposing said photo-curable 
resin layer between them; 

irradiating said photo-curable resin layer with light 
to transfer said pattern to the photo-curable resin 
layer, and at the same time fixing said photo- 
curable resin layer to the substrate sheet; and 
peeling from the roll stamper the substrate sheet 
on which a photo-cured resin layer has been fixed; 
said roll stamper being so formed as to undergo 
elastic deformation. 

16. A process for producing a substrate sheet for 
optical recording mediums according to Claim 15, 
wherein photo-curable resin layers are formed on 
both said substrate sheet and said roll stamper. 

17. A process for producing a substrate sheet for 
optical recording mediums according to Claim 15, 
wherein a roll stamper comprising a core roll made 
of a metal, having an elastomer layer on its periph- 
ery, and a flat-sheet stamper fixed on said 
elastomer layer, is used as said roll stamper. 

18. A process for producing a substrate sheet for 
optical recording mediums according to Claim 15, 
wherein a roll stamper comprising a core roll made 
of a metal, and a stamper comprising an elastomer, 
fixed on its periphery, is used as said roll stamper. 

1 9. An apparatus for producing an optical recording 
medium, comprising continuously; 



a means for melting a resin and extruding the 
molten resin to form a resin sheet; 
a means for forming a photo-curable resin layer on 
at least one of a substrate sheet and a roll stamper 
5 having thereon a pattern corresponding with prefor- 
matting information; 

a means for bringing the substrate sheet into close 
contact with the roll stamper, interposing said 
photo-curable resin layer between them; 
70 a means for curing said photo-curable resin layer; 
a means for peeling from the roll stamper the 
substrate sheet on which a photo-cured resin layer 
has been fixed; 

a means for forming a recording layer on the 
75 surface of the substrate sheet on which said pat- 
tern has been formed; 

a means for forming a protective member on the 
surface on which said recording layer has been 
formed; and 

20 a means for individually cutting said substrate 
sheet having said recording layer and protective 
member; 

said roll stamper being so formed as to undergo 
elastic deformation. 
25 20. A process for producing an optical recording 
medium, comprising continuously the steps of; 
melting a resin and extruding the molten resin to 
form a resin sheet; 

forming a photo-curable resin layer on at least one 
30 of a substrate sheet and a roll stamper having 
thereon a pattern corresponding with preformatting 
information;" 

bringing the substrate sheet into close contact with 
the roll stamper, interposing said photo-curable 
35 resin layer between them; 

curing said photo-curable resin layer to fix the layer 
to said substrate sheet; 

peeling from the roll stamper the substrate sheet 
on which a photo-cured resin layer has been fixed; 
40 forming a recording layer on the surface of the 
substrate sheet on which said pattern has been 
formed; 

forming a protective member on the surface on 
which said recording layer has been formed; and 
45 individually cutting said substrate sheet having said 
recording layer and protective member; 
said roll stamper being so formed as to undergo 
elastic deformation. 

21 . Use in the production of a substrate sheet for 
so optical recording media of a deformable stamper to 

reduce defects in the resulting recording media. 

22. A stamper for use in the production of optical 
recording media characterised in that the stamper 
is deformable. 

55 
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